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GEOHYDROLOGY AND WATER QUALITY IN NORTHERN PORTAGE COUNTY, OHIO,
IN RELATION TO DEEP-WELL BRINE INJECTION

by Sandra M. Eberts

ABSTRACT

Geohydrology and water quality of the principal freshwater
aquifers near oilfield and gasfield brine-injection wells in
northern Portage County, Ohio, were evaluated. Since 1975,

13 wells in this part of the County have been used to dispose of
more than 4.5 million barrels of brine by injection into Silurian
carbonate and sandstone rocks that generally are greater than
3,500 feet below land surface. More than 3,000 feet of interbed-
ded shales, sandstones, carbonates, and evaporites separate the
freshwater aquifers from these brine-injection zones. The shal-
lowest brine-injection zone is greater than 2,200 feet below sea
level. Native fluids in the injection zones have dissolved-
solids concentrations greater than 125,000 milligrams per liter
and are hydraulically isolated from the freshwater aquifers. No
known faults or fracture systems are present in northern Portage
County, although abandoned o0il and gas wells could exist and
serve as conduits for migration of injected brine.

Pennsylvanian clastic units are freshwater bearing in north-
ern Portage County, and two bedrock aquifers generally are recog-
nized. The shallower bedrock aquifer (Connoquenessing Sandstone
Member of the Pottsville Formation) principally consists of sand-
stone; this aquifer is separated from a deeper sandstone and con-
glomerate aquifer in the lower part of the Sharon Member (Potts-
ville Formation) by shale in the upper part of the Sharon Member
that acts as a confining unit. The upper sandstone aquifer is
the surficial aquifer where overlying glacial deposits are unsat-
urated in the uplands; glacial deposits comprise the surficial
aquifer in buried valleys where the sandstone is absent. These
two surficial aquifers are hydraulically connected and act as a
single unit. The lower sandstone and conglomerate aquifer is the
most areally extensive aquifer within the project area.

From November 1987 through August 1988, ground-water levels
remained at least 60 feet higher in the upper sandstone aquifer
than in the lower sandstone and conglomerate aquifer at a top-
ographically high recharge area. Water levels in the surficial
aquifers and the lower sandstone and conglomerate aquifer were
nearly the same along the Cuyahoga River.

Ground water in the upper sandstone aquifer flows radially
from topographically high recharge areas into the glacial depos-
its in the buried valleys. Much of the ground water in these
surficial aquifers discharges into the Cuyahoga River.



Most ground water in the lower sandstone and conglomerate aquifer
flows toward discharge areas near the Cuyahoga River and Eagle
Creek. In June 1988, the Cuyahoga River gained 15.8 cubic feet
per second of water from the aquifers between the northern edge
of Portage County and State Route 303. Ground water may have
discharged into the upstream end of Lake Rockwell but did not
discharge into the downstream end of the Lake during most of

the period from October 1987 through September 1988.

Measurements of the specific conductance of ground water
sampled from areas near the 13 brine-injection wells and along
the Cuyahoga River indicate no widespread ground-water contamina-
tion related to brine injection. Chemical analysis of water from
25 wells indicates that most ground waters are a calcium bicar-
bonate type. Water analyses show that four wells sampled contain
water with chloride concentrations greater than 250 milligrams
per liter. Sodium concentrations in water from these four wells
ranged from 67 to 190 milligrams per liter. A mixing diagram
constructed from bromide and chloride data was used to distin-
guish between the sources of elevated chloride concentrations in
these four wells. Waters from two of the wells have been mixed
with oilfield and gasfield brine, and waters from the other two
wells have been mixed with a salt-solution brine such as that
derived from diluted highway-deicing salts.

INTRODUCTION

The production of o0il and gas usually is accompanied by the
production of brine. Brine, defined as water having a total-
dissolved-solids concentration greater than 100,000 mg/L (milli-
grams per liter) (Lloyd and Heathcote, 1985), can create envi-
ronmental problems if it is disposed of improperly. The North-
east Ohio Brine Disposal Task Force (1984) estimated that one
volume of brine produced in northeastern Ohio can raise the
chloride content of about 800 volumes of freshwater above the
Secondary Maximum Contaminant Level (SMCL) of 250 mg/L set by
the U.S. Environmental Protection Agency (USEPA) (U.S. Environ-
mental Protection Agency, 1989b). Diets restricted for health
reasons limit sodium chloride intake to 22 mg/L (Northeast Ohio
Brine Disposal Task Force, 1984). Brines in northeastern Ohio
also contain toxic elements such as lead and mercury (Ohio Envi-
ronmental Council, 1983). Long-term uptake of brine can result
in death to plants and animals (Northeast Ohio Brine Disposal
Task Force, 1984).

Ohio House Bill 501 (Ohio House of Representatives, 1985)
specifies that brine may be disposed of in Ohio (1) by under-
ground injection, including annular disposal; (2) in association
with enhanced recovery of o0il and gas; (3) through methods for
testing or implementing a new technology or method of disposal;





















is injected, it displaces the native fluid present in the reser-
voir. The native fluid does not need to be displaced far to
create enough storage space around the borehole to contain the
injected brine (Clifford, 1975).

The number of conventional brine-injection wells in Ohio
increased from 20 in 1964 to nearly 185 in 1988. One-hundred
seventy-eight wells in Ohio were used for enhanced recovery of
oil as part of 47 enhanced-recovery projects in 1988. The total
volume of brine injected in 1988 was about 7.7 million barrels
(McCormac, 1989). (One barrel is equivalent to 42 gallons.)

The "Clinton" zone, a drillers' term that refers to a dis-
crete and laterally continuous porous rock sequence at the top of
the Silurian Albion Sandstone (table 1), has been the most active
productive zone since 1965. However, the Newburg zone, a dril-
lers' term for any porous zone within the Silurian Lockport
Dolomite (Tom Tomastik, Ohio Department of Natural Resources
Division of 0il and Gas, oral commun., 1989) (table 1), is the
primary brine-injection zone in Ohio (McCormac, 1988). The rates
at which brine can be injected into the Newburg zone do not econ-
omically justify drilling a well specifically for disposal.
Because the Newburg zone lies above the "Clinton" zone (table 1),
abandoned "Clinton" production wells can be recompleted as
Newburg injection wells at acceptable costs (Elmer E. Templeton
and Associates, 1980). The "Clinton" zone ranks second to the
Newburg zone in the volume of brine disposal in Ohio (McCormac,
1989).

Fifteen conventional brine-injection wells and three
enhanced-recovery-project wells were operating in Portage County
in 1988. The total volume of brine injected in Portage County in
1988 was about 1 million barrels (McCormac, 1989).

Since 1975, more than 4.5 million barrels of brine have been
disposed of through the 11 conventional brine-injection wells and
2 enhanced-recovery-project wells located within the study area
(fig. 1, table 2). Only one of the 13 wells was drilled for the
purpose of brine injection (SWIW-19, fig. 1). The rest of the
wells initially were drilled for production of hydrocarbons and
later converted to brine-injection wells. In addition, SWIW-3
(fig. 1) had been used for annular disposal (fig. 5)% before the
well was converted to a conventional brine-injection well. A few
of the wells were no longer operating in 1987. By 1988, the
surface facilities at SWIW-6 and SWIW-11 (fig. 1) had been
removed and the sites had been restored.

3 Annular disposal is a method of disposing of brine between the
surface casing and the production casing of a producing oil or
gas well. The protection of fresh ground water is from the
surface casing only, which must be set 50 ft below the deepest
freshwater formation and sealed to the surface.
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Table 1l.--General stratigraphic column of the
consolidated rocks in northern Portage County, Ohio

Pennsylvanian

Pottsville Formation
Homewood Sandstone Member
Mercer Member
Connoquenessing Sandstone Member (upper sandstone aquifer)
Sharon Member
Shale unit (confining unit)
Conglomerate unit (lower sandstone and conglomerate aquifer)

Mississippian
Cuyahoga Group
Berea Sandstone

Mississippian and Devonian

Undifferentiated shale

Devonian

Undifferentiated limestone, dolomite, and sandstone

Silurian
Bass Islands Dolomite
Salina Formation

Lockport Dolomite (Newburg zonel)
Clinton Formation

Albion Sandstone ("Clinton" zonel)

1
Drillers' or informal name



Table 2.--General information pertaining to the brine-injection wells in northern

Portage County, Ohio

[--, data not available. Locations of wells are shown in figure 1.]

Estimated
average
poros-
ity of
Length injec~ Approximate
of open tion volume
inter- inter- of brine
Well Date Injection wval(s) val (s) injectedl
number Township permitted zone (feet) (percent) (barrels)
SWIW-1 Hiram 02-15-75 Newburg 59 6.6 1,110,000
(1978-1986)
SWIW-2 Shalersville 12-02-80 Newburg 52 - 752,000
38
SWIW-3 Shalersville 05-04-79 Newburg 26 8 533,000
54 5
SWIW-6 Shalersville 11-04-82 "Clinton" 33 - --
SWIW-10 Shalersville 06-01-83 "Clinton" 58 6.8 249,000
(1983-1986)
SWIW-11 Nelson 09-~14-83 "Clinton" 100 - 523,000
SWIW-12 Windham 11-30-84 Newburg 10 7 283,000
SWIW-14 Shalersville 07-16-84 "Clinton" 74 6.8 23,000
SWIW-15 Shalersville 10-11-85 Newburg 40 6.6 272,000
SWIW-16 Windham 10-21-85 Newburg 210 5.7 190,000
SWIW-19 Nelson 01-02-85 Newburg 6 - 334,000
16
ERP-1 Shalersville 06-01-79 "Clinton" 48 - 200,000
ERP-7 Shalersville 08~-09-84 "Clinton" 32 6.5 78,000
1

From date of initial injection through March 1987, unless otherwise noted.



Brine in

Casing head

Drive pipe

water

set 50 feet
st fregh—
face

to sur

Surface casi
soal

Casing seat ————»

Uncased borehole wall

Production casing cemented

Not to scale

(Adapted from McCormac, 1989, fig. 22.)

Figure 5.-—Schematic drawing of an annular-disposal well.

12





























































































SUMMARY AND CONCLUSIONS

Geohydrology and water quality of the principal freshwater
aquifers near oilfield and gasfield brine-injection wells in
northern Portage County, Ohio, were evaluated. Since 1975,

13 wells have been used to dispose of more than 4.5 million
barrels of brine by injection into deep geologic units known

to drillers as the "Clinton" and Newburg zones. (The "Clinton"
zone is a drillers' term for the permeable zone at the top of the
Silurian Albion Sandstone and is not equivalent to the Clinton
Formation recognized by the USGS. The Newburg zone is a
drillers' term that refers to any porous interval in the Silurian
Lockport Dolomite.) Twelve disposal wells were initially drilled
for production of o0il and gas and later converted to brine-
injection wells, and one well was drilled for the purpose of
brine injection. This was done because the rates at which brine
can be injected into the Newburg zone, the principal brine-
injection zone, do not economically justify drilling a well
specifically for disposal.

More than 3,000 ft of interbedded shales, sandstones, car-
bonates, and evaporites separate the freshwater aquifers and the
geologic units used for brine disposal. The top of the uppermost
brine-injection zone (Newburg zone) is at least 2,200 ft below
sea level. The native fluids present in the "Clinton" and
Newburg zones have a total-dissolved-solids concentration greater
than 125,000 mg/L; the fluids are slow-moving and hydraulically
isolated from the freshwater aquifers. No faults are known in
northern Portage County through which injected brine might
migrate from brine-injection zones. However, improperly aban-
doned o0il and gas wells in the area could provide avenues of
upward migration for brine. Some seismic activity has been
noted in Portage County.

An upper sandstone aquifer is separated from a more areally
extensive lower sandstone and conglomerate aquifer by shale that
acts as a confining unit. Glacial deposits also serve as a
source of ground water and comprise the surficial aquifer where
the bedrock aquifers are absent or deeply buried. The upper
sandstone aquifer is the surficial aquifer where glacial deposits
are unsaturated. These two surficial aquifers are hydraulically
connected and act as a single unit.

In general, the shape of the water-level surface in the
surficial aquifers (upper sandstone aquifer and glacial deposits)
corresponds to topography. Ground-water in the upper sandstone
aquifer generally flows radially away from topographically high
recharge areas into glacial deposits in the buried valleys. Much
of the ground water in the surficial aquifers discharges into the
Cuyahoga River. The shape of the water-level surface in the
lower sandstone and conglomerate agquifer is influenced less by
topography than is the water-level surface in the surficial
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aquifers. Most ground water in the lower sandstone and conglom-
erate aquifer flows toward discharge areas near the Cuyahoga
River or toward Eagle Creek.

The Cuyahoga River gained 15.8 ft3/s of water from the
aquifers between the northern edge of Portage County and State
Route 303 in June 1988. Ground water did not discharge into the
downstream end of Lake Rockwell during most of the period from
October 1987 through September 1988 but may have discharged into
the upstream end.

Sampling for detailed analysis of water chemistry provided
data on median concentrations of major cations and anions in each
of the three principal freshwater aquifers. 1In addition, median
concentrations of potassium and bromide (constituents normally
found in oilfield and gasfield brine) were determined for each
of the aquifers. Water—-quality data indicate that most ground
waters in northern Portage County are a calcium bicarbonate type.

Results of a specific-conductance reconnaissance survey of
the aquifers near the 13 brine-injection wells and along the
Cuyahoga River indicate that widespread contamination has not
occurred in northern Portage County because of brine injection.
Water chemistry shows that four wells produce waters with chlo-
ride concentrations greater than 250 mg/L--the USEPA's SMCL for
chloride in drinking water.

A three-component mixing diagram of fresh ground waters,
oilfield and gasfield brine, and salt-solution brine (such as
derived from diluted highway-deicing salt), constructed on the
basis of Br:Cl ratios plotted as a function of chloride concen-
trations, was used to differentiate between the sources of ele-
vated chloride concentrations in these four wells. Water from
two of the wells plotted in the zone of mixing between fresh
ground water and salt-solution brine, whereas water from the
additional two wells plotted in the zone of mixing between
fresh ground waters and oilfield and gasfield brine. Water
from a fifth well had a chloride concentration of 230 mg/L and
plotted in the zone that indicates (1) a three-component mixture
of fresh ground water, oilfield and (or) gasfield brine, and
salt-solution brine, or (2) other natural-formation waters of
unknown origin.

The two wells that plotted in the zone of mixing of fresh
ground water and oilfield and gasfield brine produce some or all
of their water from the surficial aquifer immediately downgrad-
ient from brine-injection well SWIW-2. Because water produced
by these two wells had higher specific conductances than water
produced from the lower sandstone and conglomerate aquifer
at the same location and water produced from all of the aqui-
fers in a general upgradient direction, the brine affecting
these waters probably is from a shallow source near SWIW-2.
Possible sources of the brine include leakage from the injec-
tion facilities, surface spills, and buried well cuttings.
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Collection of additional ground-water samples and water-level
data would be necessary to determine the extent of brine
contamination near SWIW-2 and to confirm ground-water-flow paths
and the direction of brine flow.
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Table 3.--Records of selected wells in northern Portage County, Ohio

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well sur face mea- face
numbe r Latitude Longitude Aquifer (feet) surement (feet)
PO-21 41°14718" 081°14'12" Upper sandstone aquifer 1,200 09-10-87  31.45
04-12-88  28.81

PO-22 41%14104" 081°13'55" Upper sandstone aquifer 1,225 09-10-87 29.15
04-12-88 18.79

PO-23 41°13'19" 081°14'14"  Upper sandstone aquifer 1,180  09-11-87  24.25
04-12-88  22.51

po-24  41°12'58" 081°16'53"  Lower sandstone and 1,140 09-11-87  54.20
conglomerate aquifer 04-12-88 53.63

PO-25 41°13'11"  081°16'16" Lower sandstone and 1,130 09-11-87 42.10
conglomerate aquifer 04-12-88 43.90

po-26  41°10'41" 081°17'21" Glacial deposits 1,080 09-14-87 14.84
04-11-88  14.56

p0-27 41°10'40"  081°17'28" Glacial deposits 1,075 09-14-87 2.03
04-11-88 0.63

P0-28 41°10'49" 081°17'45" Lower sandstone and 1,110 09-14-87 51.70
conglomerate aquifer 04-11-88 51.43

po-29  41°11'26" 081°17'59" Glacial deposits 1,120 09-15-87 62.08
04-11-88  60.47

PO-30 41°15'09" 081°%12'33" Upper sandstone aquifer 1,220 09-10-87 27.66
04-13-88  26.20

PO-31 41°15'08" 081°12'08" Upper sandstone aquifer 1,210 09-10-87 31.29
04-12-88  26.98

PO-32 41°15'58" 081°14'10" Upper sandstone aquifer 1,156 09-10-87 14.08
04-12-88 11.56
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Table 3.--Records of selected wells in northern Portage County, Ohio--Continued

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well surface mea- face
number Latitude Longitude Aquifer (feet) surement (feet)
Po-34  41°15'17"  081°11'42" Lower sandstone and 1,180 09-11-87 71.06
conglomerate aquifer 04-13-88 70.63

PO-35 41°15'50" 081014'49" Glacial deposits 1,105 09-11-87 14.50
04-12-88 11.40

PO-36 41°%15'41" 081°l7'13" Glacial deposits 1,110 09-11-87 16.04
PO-37 41°15' 12" 081°12'05" Upper sandstone aquifer 1,205 09-15-87 26.72
04-13-88 21.36

PO-40 41°15'40" 081°15'01" Lower sandstone and 1,095 09-15-87 12.09
conglomerate aquifer 04-12-88 9.49

po-41  41°15'39"  081°16'46" Glacial deposits 1,090 09-15-87 17.96
04-12-88 15.57

PO-42 41%16'35" 081018'55" Glacial deposits 1,160 09-16-87 45.63
PO-43 41%16'31" 081018'15" Glacial deposits 1,200 09-16-87 96.98
04-12-88 89.38

PO-44 41°15'39"  081°%18'08" Glacial deposits 1,165 09-16-87 60.70
04-12-88 72.82

PO-45 41°14'32" 081°20' 01" Lower sandstone and 1,155 09-16-87 76.43
conglomerate aquifer 04-15-88 76.99

PO-46 41°14'05" 081°%19122" Lower sandstone and 1,145 09-16-87 52.40
conglomerate aguifer 04-13-88 47.77
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Table 3.--Records of selected wells in northem Portage County,

Ohio--Continued

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well surface mea- face
numbe r Latitude Longitude Aquifer (feet) surement (feet)
PO-47 41°14'42" 081°19'34" Glacial deposits 1,150 09-16-87 74.08
04-13-88 74.57

PO-50 41°%12'43" 081°12'11" Glacial deposits 1,150 09-14-87 43.40
04-11-88 42.49

Po-51  41°12'42"  081°12'06" Glacial deposits 1,155 09-14-87  52.05
04-11-88 55.01

po-52  41°12'27"  081°%11'57" Glacial deposits 1,150 09-14-87 38.88
04-11-88 38.02

PO-53 41°14'17"  081°11'41" Upper sandstone aquifer 1,165 09-14-87 37.02
04-13-88 36.38

PO-54 41°14'18" 081°13'13" Glacial deposits 1,200 09-15-87 6.72
04-14-88 2.85

PO-55 41°17'01" 081°15'26" Upper sandstone aquifer 1,200 09-15-87 29.96
04-13-88 27.05

PO-56 4l°l7'29" 081012'46" Lower sandstone and 1,110 09-15-87 22.05
conglomerate aquifer 04-13-88 22.85

PO~-57 41%20'33" 081°12749" Glacial deposits 1,165 09-15-87 13.63
04-13-88 10.41

PO-58 41%20'33" 081°12'26" Lower sandstone and 1,150 09-15-87 23.50
conglomerate aquifer 04-13-88 21.86

PO-59 41°17'41" 081°13' 24" Upper sandstone aquifer 1,245 09-15-87 31.19
05-11-88 30.49
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Table 3.--Records of selected wells in northern Portage County, Ohio--Continued

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well surface mea- face
number Latitude Longitude Aquifer (feet) surement (feet)
PO-60 41°14'05" 081°04'14" Lower sandstone and 1,010 09-16-87 10.54
conglomerate aquifer 04-14-88 9.83

PO-61 41°14'23" 091°%05'08" Lower sandstone and 1,105 09-16-87 77.02
conglomerate aquifer 04-14-88 77.87

PO-63 41°15'36" 081°03'28" Lower sandstone and 950 09-16-87 10.60
conglomerate aquifer 04-14-88 8.94

PO-64 41°15'28"  081°02'44" Lower sandstone and 940 09-16-87  10.62
conglomerate aquifer 04-14-88 9.58

PO-65 41°15'15" 081°01'32" Lower sandstone and 940 09-16-87 14.40
conglomerate aquifer 04-14-88 13.93

PO-66 41°15'34"  081°00'33" Lower sandstone and 930 09-16-87 11.52
conglomerate aquifer 04-14-88 9.07

PO-67 41°14'52"  081°02'33" Lower sandstone and 960 09-16-87 16.20
conglomerate aquifer 04-14-88 13.77

PO-68 41014'09" 081°04'44" Lower sandstone and 1,105 09-16-87 88.84
conglomerate aquifer 04-14-88 91.92

PO-69 41°14'50" 081°17'41" Lower sandstone and 1,100 09-16-87 9.29
conglomerate aquifer 04-12-88 8.78

po-70  41°11'19" 081°16'51" Lower sandstone and 1,060 09-15-87  1.19
conglomerate aquifer 04-11-88 0.95

PO-71 41°11125" 081°17'08" Glacial deposits 1,070 09-15-87 9.41
04-11-88 8.68

PO-72 41%12'05" 081°17'07" Lower sandstone and 1,090 09-15-87 9.41
conglomerate aquifer 04-11-88 9.54
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Table 3.--Records of selected wells in northern Portage County,

Ohio-~Continued

Water

level,

Date depth

of below

Altitude water-~ land

of land level sur -

Well surface mea- face

number Latitude Longitude Aquifer (feet) surement (feet)

PO-73 41°11'55"  081°11'57" Lower sandstone and 1,125 09-15-87 33.80

conglomerate aquifer 04-11-88 32.62

PO-74 41°14718" 081°14'38" Lower sandstone and 1,120 09-15-87  24.52

conglomerate aquifer 04-12-88 23.85

PO-75 41°14735"  081°15'18" Glacial deposits 1,100 09-15-87 18.20

04-14-88 17.45

PO-76 41°12'09"  081°16'59" Glacial deposits 1,105 09-16-87 27.26

04-11-88  27.26

PO-77 41°13'17"  081°17'56" Glacial deposits 1,075 09-16-87 11.66

04-12~88  11.23

PO-78 41°13'15" 081°15'51" Upper sandstone aquifer 1,190 09-16-87  24.41

04-12-88 19.90

PO-79 41°13'25" 081°15'44" Upper sandstone aquifer 1,200 09-16-87 23.88

04-12-88 18.70

PO-80 41°13'27"  081°16'49" Glacial deposits 1,095 09-16-87 10.67

04-12-88 9.89

PO-81 41°13'44"  081°17'55" Lower sandstone and 1,080 09-16-87 8.90

conglomerate aquifer 04-12-88 8.15

PO-82 41°14'27"  081°17'21" Lower sandstone and 1,110 09-16-87  20.93
conglomerate aquifer

PO-83 41°14748"  081°17'21" Lower sandstone and 1,110 09-16-87 22.65

conglomerate aquifer 04-12-88 23.01

PO-85 41°18'40" 081°05'22" Lower sandstone and 1,095 09-17-87 45.72

conglomerate aquifer 04-14-88 43.88
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Table 3.--Records of selected wells in northern Portage County,

Ohio--Continued

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well sur face mea- face
number Latitude Longitude Aqui fer (feet) surement (feet)
PO-86 41°18's7*  081°05'43" Glacial deposits 1,080 09-17-87  30.92
04-14-88  30.20

po-88  41°20'31" 081°05'17" Lower sandstone and 1,170 09-17-87  66.38
conglomerate aquifer 04-14-88 63.76

PO-89 41°19'56"  081°06'44" Glacial deposits 1,120 09-17-87 27.57
04-13-88  26.46

PO-90 41°12'21"  081°20's51" Glacial deposits 1,130 09-16-87  70.96
04-11-88  71.51

PO-91 41°18's1"  081°04'44" Lower sandstone and 1,160 09-17-87  74.20
conglomerate aquifer 04-14-88 74.73

PO-92 41°14'18" 081°12'21" Upper sandstone aquifer 1,205 09-23-87 17.10
04-13-88 11.23

PO-93 41°17'09" 081°14'08" Upper sandstone aquifer 1,195 09-22-87 15.04
04-13-88  14.32

PO-94 41°17'43~  081°13'54" Upper sandstone aquifer 1,290 09-22-87 55.07
04-13-88  57.92

PO-95 41°18'24" 081°14'00" Upper sandstone aquifer 1,240 09-22-87 30.72
04-13-88  28.41

PO-96 41°18's58"  081°12'26" Upper sandstone aquifer 1,230 09-22-87 12.42
04-13-88 9.20

PO-97 41°19'54" 081°12'06" Lower sandstone and 1,185 09-22-87 51.25
conglomerate aquifer 04-13-88 52.27

PO-98 41°19'39"  081°11'36" Lower sandstone and 1,150 09-22-87  42.03
conglomerate aquifer 04-13-88 40.05
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Table 3.--Records of selected wells in northern Portage County,

Ohio--Continued

Water

level,

Date depth

of below

Altitude water- land

of land level sur-

Well surface mea- face
numbe r Latitude Longitude Aquifer (feet) surement (feet)
PO-99 41°17'14" 081°11'35" Lower sandstone and 1,130 09-23-87 32.29
conglomerate aquifer 04-13-88 31.18

P0-100 41°17's2"  081°12'08" Glacial deposits 1,100 09-23-87  16.00
PO-101 41°181'34" 081°11'28" Glacial deposits 1,120 09-23-87 27.48
04-13-88 26.68

p0-102 41°18'37" 081°10'20" Glacial deposits 1,230 09-23-87  22.90
04-13-88 19.22

pPo-103 41°19'56" 081°09'41" Lower sandstone and 1,145 09-23-87  28.09
conglomerate aquifer 04-14-88 25.88

PO-104 41°20'34" 081%09'19" Lower sandstone and 1,120 09-23-87 20.07
conglomerate aquifer 04-13-88 14.12

PO-105 41°20'41" 081°10'16" Lower sandstone and 1,110 09-23-87 9.89
conglomerate aquifer 04-13-88 8.89

PO-106 41020'40" 081010'10" Glacial deposits 1,110 09-23-87 12.17
04-13-88 12.17
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